RD-A157 458 AN ﬂNHLVSIS OF THE REYVERE OUINCV RND STRHFDRD STRUCTURE 14
DATA BASES FOR PR.. C(U) COLD REGIONS RESEARC

ENGINEERING LAB HANOYER NH C J MERRY ET RL HRV 85
CRREL-SR-85-7 F/G 972

UNCLASSIFIED




|

EEE

o
FEEEE

EEE

="
22 s s

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A

- "l-.-
[
!." o

T g WwT W N

M e P .
S o




Spemal Report 85-7

US Army Corps i
rMay 1985 of Engineers .

Cold Regions Research &
Engineering Laboratory

pAn analysis of the Revere, Quincy and ,
Stamford structure data bases for predicting
mbu:ldmg material distribution

| Carolyn J. Merry and Perry J. LaPotin

- 00 g
e LD q
PN g
| wa .".‘
T |
& 2
< 1
D
a-
S
ad
=
Gh
-.: Prepared for

- U.S. ENVIRONMENTAL PROTECTION AGENCY
" Approved for public release; distribution is uniimited.




ST T e LI N Sad

L Te D T W T ]

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)
READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE perREAD INSTRUCTIONS

[T REPORT NUMBER
Special Report 85-7

CIPIENT'S CATALOG NUMBER

e i A7

AN ANALYSIS OF THE REVERE, QUINCY AND STAMFORD
STRUCTURE DATA BASES FOR PREDICTING BUILDING

TYPE OF REPORT & PERIOD COVERED

MATERIAL DISTRIBUTION

PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s)

Carolyn J. Merry and Perry J. LaPotin

. CONTRACT OR GRANT NUMBER(a)

DW21930284~01-0

9. PERFORMING ORGANIZATION NAME AND ADORESS
U.S. Army Cold Regions Research and
Engineering Laboratory
Hanover, New Hampshire 03755

10.

PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

11. CONTROLLING OFFICE NAME AND ADDRESS
U.S. Environmental Protection Agency

. REPORT DATE

May 1985

Washington, D.C.

NUMBER OF PAGES

40

T4, MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office)

SECURITY CL ASS. (of thie report)
Unclasgified

[ 1%a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

| T e~
16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution is unlimited.

17. DISTRIBUTION STATEMENT (of the abetrect entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

y and dentify by block number)

19. KEY WORDS (Continue on reverse aide if

Acid precipitation
Building materials
Precipitation

A

20. ABSTRACT (Cantinus an roverse osidv ¥ nasessasy and identity by dlock number)

Connecticut, were studied to determine if a measure
tribution could be calculated for a city using land
Corps' data on buildings.

tics were calculated for the three data bases. The

- YData bases on buildings in Revere and Quincy, Massachusetts,

Statistical measures of chi—squarei
lambda, uncertainty coefficient, F ordinate, as well as the R

\:nd Stamford,
of building materfal dis-
use, census tract/ and the
asymmgtric

and statis-
Corps definition of

building type was found to be the best predictor of the building surface area.-

) r A~

DD , % UT3  sormon oF 1 wov 8 13 ossoLETE

Unclass i{ ied

SECURITY CLASSIFICATION OF TNIS PAGE (Wien Date Entered)

... -.:--..-.v.- .i. - - _.- .'. ..- ™ ..-’..- .‘- .-- .'. r_.‘ Cy
. P T e e -'2-';3;"-{

---------
-

“ et

e

...............
AT
Pl NN

M AR
PR 0 N R

¥

Sy v e .
PR
A MU N A S

) TN

€ a9
" e e,
LI i’

e

A ba

T

‘g ‘e af bl

e
g

2R 5 ARe




Y -y vy L on b e mee - N W T ey
INECE O DA Ry . IR AL AN A W Fatt e e i Y 2N 4

N

s

; Unclasgsified

< SECURITY CLASSIFICATION OF THIS PAGE(When Data Entored)
}: ! 20. Abstract (cont'd)

’

J

However, all indicators (including building type) explained only low percent-
ages of the variability in the dependent variable (building surface area).
Our results indicated that other variables are required to explain the vari-
ability of building surface area adequately Cz;ﬂdizzth

/ L
&z;;;t, (?ﬁd4trilﬂbaw\ é%‘49€44" VAR il y “Z:éizﬁv/;[dz;y ; C?ZZTZ:‘ ;
(f ,L WIS (<:_~_

P

&

t Ao ession For
im*s TGRARI B
i TYTO TAB
' qoaumced -
AN Wk SR

¥

ey L AR AR AR JTM s , M B
.--'.-',\‘t-m‘; WSS

)
Ly
)

} 3

%!

NS 1Y

:.r

11 ”
Unclassified o

SECURITY CLASSIFICATION OF THIS PAGE(When Dete Entered) ™

A e A A T A Ay



e R R B o N e T L T e N e e N R e s e S R e T T T Ty Ty T T W T W

PREFACE

This report was prepared by Carolyn J. Merry, Geologist, Earth Sciences
Branch, Research Division, U.S. Army Cold Regions Research and Engineering
Laboratory, and Perry J. LaPotin, Research Engineer, Thayer School of Engi-
neering, Dartmouth College, Hanover, New Hampshire.

This research has been funded as part of the National Acid Precipitation
Assessment Program by the U.S. Environmental Protection Agency under reim-
bursable order number DW21930284-01-0.

The authors extend their appreciation to Dr. Harlan L. McKim (CRREL),
who was a co—-investigator on this project, for his support and helpful tech-
nical discussions on the project; to Nancy H. Humiston (CRREL) for data input
to the computer; to Richard Ring (New England Division, Corps of Engineers)
for his assistance in providing us with the Corps structure inventory data;
and to Professors Thomas J. Adler and John P. Wargo (Thayer School of Engi-
neering, Dartmouth College) for their technical reviews of the original manu-
script.

The contents of this report are not to be used for advertising or pro-
motional purposes. Citation of trade names does not constitute an official

endorsement or approval of the use of such commercial products.
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AN ANALYSIS OF THE REVERE, QUINCY AND STAMFORD STRUCTURE DATA BASES
FOR PREDICTING BUILDING MATERIAL DISTRIBUTION

Carolyn J. Merry and Perry J. LaPotin

INTRODUCTION

Our work on the acid rain program with the Environmental Protection
Agency 18 in support of Task Group G, Effects on Building Materials and Cul-
tural Resources. One objective 1s to examine the usefulness of information
on land use and census tract for predicting the types and amounts of building
materials exposed to acid deposition. To do this we are examining the data
bases that the Corps of Engineers District Offices have on file for struc-
tures in the flood plains within their jurisdictional boundaries.

We recommended several structure data bases in New England for further
study based on the number of land use categories, the types of building mate-
rial, the structure dimension data, the number of total structures and wheth—
er the data base was computerized (Merry et al. 1985). Three New England
data bases were selected for this study: Revere and Quincy, Massachusetts,
and Stamford, Connecticut (Fig. 1).

The objective of this

74 73 T2 1 10

study was to use the Corps in- T T | S ™y

ventories of structures in Re- 43
vere, Quincy and Stamford to
see 1f land use, census tract

and building type information

could be used to predict the a2
surface area of each building
material type that is exposed.
If there 18 a predictable re-

lationship, a city could be 4 b
2 stratiffed into sampling frames
14
" based on land use and census Figure 1. 1. cations of the three cities
studied.

tract information (Rosenfield
1984), and area distributions of building material types could be predicted
for other cities with similar demographics.
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DATA DESCRIPTION

The Corps of Engineers flood plain data for Revere, Quincy and Stamford-
comprised five major variables: structure dimension (height, length, width),
structure type and structure material. Both census tract and land use infor-
-mation by location were added to the original Corps of Engineers data.

Dimension variables were calculated from the Corps data on structure
length, width and number of stories. The height of each structure was esti-
mated by multiplying the number of stories per structure by our estimate of
the average height per story (12 ft).

Each structure was categorized according to the primary use of the
building. The ranking from 1 to 3 was made according to the degree of ur-

banization:

Code Building type &
1 single-family residential f
2 multi-family residential
3 commercial/industrial.

Building material types were coded from 1 to 8 according to the predomi-

nant material within a given structure. The categories were:

. Code Predominant Material
. 1 Wood
Brick

Stucco

Cement/concrete
Metal (ferrous, non—ferrous)
Shingles (asphalt)
Stone
Vinyl.

® N B wN

s e 2 a0 L
s e T,

Land use data (1:250,000 scale) were based on the digital information
from GIRAS (geographic information retrieval and analysis system) (Mitchell
et al. 1977). The aerial photographs used in GIRAS are from 1972-1974
(Loelkes 1977). The following categories of land use were found in the Stam-

ford, Quincy and Revere data bases:
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. Code Class Description
. 11 Residential Single family dwellings,

multiple-unit structures

12 Commercial and services Stores, shopping centers

13 Industrial Light to heavy manufacturing

17 Other urban or built-up Urban parks, cemeteries,
land undeveloped land within an

urban setting
51 Streams and canals Rivers, creeks and canals

62 Nonforested wetlands Marshland, wet meadows and bogs.

Additional description of the land cover classes can be found in Anderson et
al. (1976).

The census tract numbers that were found in the data sets of Stamford,

PR KA

Quincy and Revere are:

.'."ﬁ-’-,-,-,','-‘,
NS LT e

Location Census Tract

St amford 201, 213, 215, 216 y
Quincy 4177, 4179, 4180, 4191 1
Revere 1704, 1705, 1706.

Figure 2 shows the relative distribution of building types in Revere,
Quincy and Stamford. The Stamford buildings are primarily multi-family resi- ﬂj
dences (41%), followed by industrial/commercial structures (18X). Only 6Z of g
the sampled Stamford buildings are single-family residences. A significant

portion of the Stamford data (35%) was not classified by building type and

v

therefore is shown by missing values. In both Quincy and Revere, single-

L o
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e
e e

family residences dominate the classification, representing, respectively,
642 and 702 of the sites examined. A smaller percentage of multi-family res-
idential structures was found, with 14X observed in Quincy and 23Z found in
Revere. The Quincy site showed the largest proportion of commercial/
industrial buildings (22%), followed by Stamford (18%) and Revere (7X).
Figure 3 1llustrates the relative proportion of land use within each
city. Residential land use dominates in Stamford and Quincy (85% and 75%,
. respectively). Nonforested wetlands is the most prevalent category in Re-
vere (59%). The commercial and services category is well represented in
Stamford (11Z) and Quincy (23%) but not in Revere (6X). This distribution
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[
i:’: b. Quincy. b. Quincy.
Multi-family

c Residential (41%) _
O Commercial/ . Other (4%)
o Industrial (18%) i
t“: Single-family . Commerciol (11%)
u-‘:'

c. Stamford. c. Stamford.
Figure 2. Frequency distribu- Figure 3. Frequency distribu-
tion of building type. tion of land use.

suggests that rural land groupings are less frequent in both Stamford and
Quincy and more frequent in Revere. If streams, canals and nonforested wet—-
lands are considered rural, less than 1% of the land in Stamford and Quincy
is rural, while 76X of Revere 1s classified as rural. All three locations

have a 1ow percentage of industrial land use (less than 1X), the classifica-

tion that traditionglly has the largest building material exposure (EPA
1983).
Figure 4 1llustrates the distribution of buildings in each census tract.

N

Most of the Revere buildings are within census tract 1705 (69X%), with only ‘
262 in the combined tracts of 1704 and 1706. In Quincy, 80% of the buildings ;
N

are within census tracts 4191 (452) and 4180 (352). The Stamford data are i
split between three major census tracts.
-

4 .

i

"v

L4

SRR CLC R L G R LRt




Il At a0 ary v T - " - ——— -
Beste. O % A A P N A ARSI SO i il S e N i g S S i e 4

h
3
r I Troct 1705 (69%) B stucco (2%)
k B Teocr 1706 (3 %) Il erick (a%)
Tract 1704 (13%) B other (1)
[] other (5%) [ wood (93%)
a. Revere. a. Revere.
B o 477 (7%) B veta 1%)
B o 4179 (1%) B erick (15%)
B3 ot 4180 (35%) B cement/concrete (6%)
[ Tract 4191 (a5%) [ wood (77%)
[ other (2%) (] other (1%)
b. Quincy. b. Quincy.
B roct 215 (5%) Il stcco (2%)
BB Troct 216 (34%) Il srick (11%)
Cement/Concrete (10%)
[ Tract 213 (a0 %) [] wooa (76 %)
[ other (1%) [ other t1%)
c. Stamford. c. Stamford.
Figure 4. Frequency distribu- Figure 5. Frequency distribu-
tion of census tract. tion of building material type.

The Corps of Engineers classifies structures in the flood plain according
to the predominant material in the total building. In this form of classifi-
cation, predominant materials are over-represented (100Z) and subordinate
materials are under-represented (0X). The loss of information becomes signi-
ficant when structures with roughly even proportions of material type become
classified as a single material type (for example, a building made of 512
brick and 49% wood is classified as 1002 brick and 0% wood). This condition
will generally result in random errors, which simply increase uncertainty but
do not bias statistical parameter estimates. The bias will be worse if one
material type is frequently minor and rarely predominant.

It 18 not surprising, then, that one or two materials might dominate the
entire classification of building material type. The distribution of mate-
rial types is provided in Figure 5. In all three locations, wood construc-
tion dominates (Revere 93%, Quincy 77% and Stamford 76X). This class in-
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cludes both painted and unpainted wood surfaces, as well as stained wood ex-
teriors. In Revere, only 7% of the buildings (neglecting missing values)
have non-wood surfaces. In Stamford, non-wood surfaces contributed less than
one quarter of the sampling points. The Quincy distribution is principally
wood (77%), followed by brick (15%) and cement/concrete (6%).

DATA ANALYSIS

Discrete variables

The Statistical Package for the Social Sciences (SPSS) software was used
in our statistical analyses (Nie et al. 1975). We analyzed the three data
bases on buildings in two ways. First, we divided the building surface area
data into discrete variables by grouping the data points into five groups.

By analyzing the data this way, chi-square, asymmetric lambda and the uncer-
tainty coefficient could be obtained. The second part of our analysis treat-
ed the building surface area as a continuous variable, rather than a discrete
variable. This was done in case we had made an incorrect assumption when
dividing the building surface area into discrete variables.

We used contingency tables to determine how much the building surface
area and the type of material depend on building type, census tract and land
use (Appendix A). The building surface area, a continuous variable, was
divided into five classifications, with each classification containing ap-—
proximately 20X of the total data points for each city. The segmentation

routine was

= {+1
1f P, <P P, then Pg =1

1

P
1+1
=/

Py

where Pg f(p)dp = 0.20

1-0, 1, 2,.0 m

where i = group number index for building surface area

m = number of groups (equal to 5 in our analysis)
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Table 1. Statistical meagures of chi-square, asymmetric lambda and the
uncertainty coefficient of building surface area and building material
with building type, bullding material, census tract and land use for
Revere, Quincy and Stamford.

Independent variables

Bullding Bulflding OCensus Land
type material tract use

Butlding Significance < 0,0001 < 0,000t 0.0003 < 0,0001 Revere

Dependent surface of X < 0,0001 < 0,0001 < 0,000t < 0,0001 Quincy
variables area < 0,0001 < 0,0001 < 0,0001 0,000t Stamford

A (asymmstric) 0,19368 0,04560 0,00760 0,03800 Revere
0.15745 0,13191  0,20435 0,12446 Quincy
0.18675 0,19844 0,1294% 0,03704 Stamford

Uncertalnty 0,14603 0,03329 0,00799 0.01386 Revere

coef flicient 0.11867 0,08217 0,17909 0,09518 Quincy
(asymm tric) 0,09648 0,12664 0,08363 0,02209 Stamford

Building Significance < 0,0001 0.0095 0,0329 Revere

materlal of < 0,0001 < 0,0001 < 0,0001 Quiney
< 0,0001 < 0,0001 < 0,0001 Stamford

A (asymmtric)  0,00000 0.,00000 0,00000 Revere

0.43478 0,04688 0,00000 Quincy
0.34884 0,02326 0.,00000 Stamford

Uncertalinty 0.10387 0.,05716 0.,05338 Revere

coef ficlient 0.50547 0,26643 0,15918 Quincy
(asymmetric) 0.33845 0,22137 0,08327  Stamford

Pi{ = index on the building surface area distribution

Pg = building surface area group
f(p) = distribution of building surface areas by location
P = exposed building surface area.

The new variable, Pg, contains 20% of the data points from the distribu-
tion of building surface area, P.

A matrix of association between the dependent variables (building sur-
face area and building material) and the independent classification vari-
ables (building type, census tract and land use) is presented in Table l.
Cross—tabulations for each pair summarized in Table 1 are provided in Ap-
pendix A. Building material is included as both an independent and a de-
pendent variable. This was done to examine the level of association be-
tween building surface area and material type (for example, if the building

material is known, how much information about the building surface area
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follows). Each cell in the matrix has three values corresponding to the
sampling location.

Two measures of explaining power, the asymmetric lambda (1) coefficient
and the uncertainty coefficient (asymmetric), were computed. The asymmetric
lambda statistic measures the improvement in predictive power as a result of
the additional information obtained by the independent variable. “The maxi-
mum value of lambda is 1.0, which occurs when a prediction can be made with-
out error, i.e., when each independent variable category can be associated
with a single category on the dependent varfable. A value of zero means no
improvement in prediction” (Nie et al. 1975, p. 225). As an example of its
use, consider the lambda value of 0.19 for building type and building surface
area for the Revere data (Table 1). This value suggests that knowing the
building type (for example, single-family residence) increases one's ability
to predict the value of building surface area by 19%.

The uncertainty coefficient is a measure of uncertainty reduction in the
dependent variable as a result of knowledge about the behavior of the inde-
pendent variable. "The maximum value for the uncertainty coefficient is 1.0,
which denotes the complete elimination of uncertainty. As with lambda, this
is achieved only when each category of the independent variable is associated
with a single category on the dependent variable. When no improvement oc-
curs, the uncertainty coefficient takes on the value of zero” (Nie et al.
1975, pp. 226-227). For the example of building surface area and building
type in Revere, the uncertainty coefficient was 0.15. This value suggests
that one is 15% more certain of the behavior of building surface area as a
result of knowing the building type.

The chi-square statistic was computed for each dependent-independent
variable pair. The significance level in the chi-square test may be inter-
preted as the probability of getting a chi-square ordinate of the value ob-
served (or one greater) given the null hypothesis (i.e. that statistical in-
dependence is true). Thus, small probabilities suggest a small likelihood of
independence and larger probabilities (0.10 and above) imply a strong poten-
tial for statistical association. This statistic is used to determine wheth-
er or not there is a systematic relationship between two variables (the test
of statistical independence). The chi-square values for the relationships
between building surface area and each classification variable (building
type, building material, census tract and land use) are significant at the
0.0001 level or below except for the value for building surface area and
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census tract for Revere, which was significant to the 0.0003 level. In each
case, we can suggest a rejection of the null hypothesis that the variables
are statistically independent (Walpole and Myers 1978). This does not imply
a cause—and-effect relationship between the variables; it simply implies that
there is a systematic relationship between building surface area and building
type, building material, census tract and land use.

The asymmetric lambda and the uncertainty coefficient provide associated
measures of explaining power between the variables listed in the matrix.
These measures improve on the chi-square statistic by providing indicators of
dependency, not just addressing the question of statistical independence.

For the Revere, Quincy and Stamford data bases, each of the variables is
a fairly poor predictor of the building surface area and the building mate-
rial type. The highest asymmetric lambda value 18 approximately 0.19 for
predicting the building surface area knowing building type. Values are low-
er, however, for the corresponding uncertainty coefficients. For Stamford,
information on building type improves our understanding of the building sur-
face area distribution only slightly, with an uncertainty coefficient of
0.10. For Quincy and Stamford the building type is the strongest predictor
of building material type, with uncertainty coefficients of 0.50 and 0.34,but
the relationship does not hold for Revere, with an uncertainty coefficient of
0.10.

It has been postulated that building materials provide information about
the size of the structure and thus the building surface area (EPA 1983). For
example, reinforced concrete is normally found in larger buildings requiring
additional structural integrity. However, for the three sites we considered,
knowledge of the material type improves our prediction of building surface
area only slightly. This follows from the lack of diversity of materials at
each location (Fig. 5) and perhaps from the method with which structures were
classified (i.e. according to the predominant material only).

Classification of building surface areas and material types by census
tract produced significant chi-square ordinates. In all cases the independ-
ence of building surface area and building material with census tract was re-
jected at the 0.0l level and below. The lambda and uncertainty coefficients
for Revere show that census tract is not helpful in predicting building sur-
face area and building material. The uncertainty coefficient shows that
knowing the census tract provides only a 0.82 decline in uncertainty about
building surface area and material type.
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In Quincy, knowledge of the census tract reduces the uncertainty of
building material distribution by 27%. The lambda values suggest that the
power of census tract for predicting building material type is close to 5%.
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An 18% reduction in uncertainty of building surface area distribution results

from knowledge of census tract. 1In addition the census variable provides 20%

s
P

of the information about building surface area.

For Stamford, census tract information produced a 13% improvement in
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predicting building surface area. The use of census tract as an indicator

for building material type is far less significant, yielding a 2% rise in ex-
plaining power. The corresponding loss of uncertainty was significant at
22%.

The final variable considered in Table 1 is land use. The chi-square
values show that a relationship exists between land use and building surface
area. Lambda values for Revere show that land use outperforms census tract

as a predictor of building surface area. In Quincy and Stamford, census
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tract is a much better predictor of building surface area. In Quincy, there E@

was approximately a 18% rise, and in Stamford, am 8% rise. Land use classi- L
. fication is a very poor predictor of material type in all three locations L
3 (lambda values below 0.0001).

Continugus variables 2
’: The analysis comparing building surface area as a continuous variable a
‘g with building type, building material, land use and census tract for the E
) three cities is presented in Table 2. Three measures of explaining power in- 3

dicate the relative importance of the independent variables for predicting

building surface area. ;:
} The one-way analysis of variance allows us to statistically test whether &
. the means of subgroups into which our sample data are broken are significant- 5

ly different from each other. We are testing the null hypothesis that the

subgroup means are equal. If the means are not found to be significantly

5

different, we cannot reject the null hypothesis, and we must assume that the 3

deviations that occur are the result of sampling error. Conversely, 1f the f

. means are significantly different, we cannot accept the the null hypothesis. -~
. The actual test compares the computed F ratio to the known sampling distribu- N
. tion of the F ratio, given the null hypothesis. -
The first measure in Table 2, the significance of F, displays the prob- f:

ability value for an F test. Significance values listed correspond to the ~

probability of obtaining an F value of that size or larger, given the null ;
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Table 2. The continuous form of building surface area (dependent variable) o
on the independent variables of building type, building material, land use
and census tract for Revere, Quincy and Stamford. -
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Independent variables
Building Building Land Census

type material use tract -:

)

Significance < 0.0001 < 0.0001 0.6813 00,2088 Revere >

of F < 0.0001 0.0001 < 0.0001 0.0251 Quincy -

0.0039 < 0.0001 0.0012 0.4307 Stamford ..

4 Building .
. Dependent surface R? 0.2808 0.0949 0.0005 0.0005 Revere i
« Variable area 0.0860 0.0445 0.0575 0.0298 Quincy RS

0.0353  0.0385 0.0001 Stamford 3
n? 0.5127  0.1354 0.0019 0.0026 Revere

0.0991  0.0860 0.0721 0.0318 Quincy

0.0462 0.1180 0.0296 0.0077 Stamford

hypothesis of equality of means (Walpole and Myers 1978). By separating
building surface area by building type (single-family residences, multi-
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family residences and commercial/industrial buildings), it is evident that
the building type classification is an important grouping variate (probabil-
ity values of 0.0039 in Stamford and <0.0001 in Revere and Quincy). Building

material is also an important classification variable in all three locations.
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In Revere, grouping by land use explains little about building surface ares,
perhaps because of the large proportion of the Revere structures that are lo-
cated in nonforested wetlands (59%). Census tract categorization is only
marginally useful in Revere and Stamford. In Quincy, however, the F signifi-
cance (0.0251) suggests census tract information to be more useful in cate- -
gorizing building surface area.
The multiple correlation coefficient (Pearson Rz) measures the propor-

tion of variance of the dependent variable (building surface area) ex-

) plained by the independent variables (building type, building material, land- i

f use or census tract) when a standard linear regression model is applied to 6
the data. The Pearson RZ is a measure of the goodness of fit of the regres- %

. sion line to the data. The eta-squared (nz) statistic measures the same pro-

ﬁ portion but includes higher-order nonlinear terms (about the population \

; means). These measures show that building type explains 28% of the linear E

variability of building surface area and 51% of the linear plus nonlinear
variability in Revere. The building type classification explains minor pro-
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portions in both Quincy and Stamford. Building material and land use explain
only a small amount of the variability in building surface area. In addi- 4

A7

o~

tion, knowledge of census tract information appears to be of little help in

"

predicting the building surface area.

. SUMMARY AND CONCLUSIONS

fl'.f"f.r-ﬁ -

Data bases on structures in Revere and Quincy, Massachusetts, and Stam-

ford, Connecticut, were studied to determine if a measure of building mate-

I

rial distribution could be calculated for a city using land use, census tract
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and building type information. Significance measures of chi-square, asym-

4
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metric lambda, uncertainty coefficient, F ordinate, as well as the R? and n2

statistics were calculated for the three data bases. The Corps definition of -
building type was found to be the best (largest R? and n?) predictor of the
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building surface area. However, all indicators (including building type) ex-

r
D

plained only low percentages of the variability in the dependent variable.

The chi-square statistic showed that a systematic relationship existed

[ e

between building surface area and building type, building material, census

b 2k 4

v
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tract and land use. A systematic relationship alsc existed between building

i o 1

material type and building type, census tract and land use.
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The asymmetric lambda statistic indicated that the variables were fairly

e

poor predictors of building surface area and building material type. The
most consistent variable was building type at a value of 0.19 for predicting

SRR

the building surface area. Building type was also the best predictor of
building materials for Quincy and Stamford, but this relationship did not
hold for Revere. Knowledge of land use did not improve predictions of build-
ing material type.
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The uncertainty coefficient showed that knowledge of the independent

variables did not reduce the uncertainty about the two dependent variables of

.-

+
.

building surface area or building material. The highest value was 0.50 for

building type for Quincy, but the values for the other two data sets were .
low. 55

The F statistic is used to statistically test whether the means of sub- R
samples in which the data are broken significantly differ from each other. Cf

The F values were large for the building type and building material vari-

ables, so we rejected the null hypothesis that the means are equal. However,

for the land use and census tract variables in Revere the F-values were low,
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so we cannot reject the null hypothesis that the means are equal; however,
this did not hold for the Quincy and Stamford data sets for land use. As a
result the variables of land use and census tract may not be useful for esti-
mating the building surface area.

The R? statistic measures the proportion of variance in the dependent
variable, building surface area, that is linearly explained by the independ-
ent variables of building type, building material, land use or census tract.
In all cases the R? value is low, so the proportion of variance in the build-
ing surface area cannot be linearly explained by any of the independent vari-
ables. The largest R? was for building type, but this was still too low to
be of any value.

The n? statistic measures the total (linear and nonlinear) variance that
18 explained by the independent variables of building type, building mate-

2

rial, land use and census tract. In all cases the n“ statistic was low, with

the highest value for building type for the Revere data set. This tentative-
ly confirms that the Corps definition of building type is the best independ-
ent variable to use for predicting building surface area.

In summary, this study examined the use of three readily available clas-
sification variables (census tract, land use and building type) for predict-
ing the exposed surface area of various building materials. Our results in-
dicated that other variables are required to adequately explain the variabil-
ity of building surface area.
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APPENDIX A: Cross tabulations of building surface area by building type,
land use, census tract and building material, and material type by build-
ing type, land use and census tract.

2
X
Table Al. Cross tabulation of building surface area by building type {:
for. Revere. -
o
Surface area fj
(53 £8)  couny 1 0 )
RCw FCTI ROW -
COL PCTI TOTAL .
TCT pPCTI 1.001 2.CCI 3.C0I -
comeoces I---:—---I----O—--I--------I Sod
I ¢53 1 0 1 c I 253 4
P < 1250 I 1C§.0 I O.g § g.g % 20.2 ~3
I 2 ,9 I [ L] .‘.
Poegd b R8I 6o 0
i DL L LDl G bbb b tuind Sbadadededataid I .
I g8 1 118 1 0.6 1 2§13
1250 <P <1950 ¢ B3:7 I 1ge3 1 06 1
163 1 2k 1 0.0 1 8
R R B ERIR: 3
1956 <P <2256 1 Jgi2 1 24.5 I 0.0 I ) A
% 1¢.7 % 5.7 % - 0.0 § ?
I 130 1 120 1 c I _250 b
_ I S§2.0 I 48.8 I 0. I 20.C
- 2250 < P <2750 I 14.9 I 41.4 1 Q.C I
- - I 1C.‘ I 9-6 I OCG I
" -I------‘-I--------I--------I
¥ 1 %0 1 69 1 89 I 248
: el Do Dagg o
750 £ P I 7e2 1 “5.5 1. 71 1
CCLUMN £74 290 8¢ 1252
TOTAL 65.8 23.1 7.1 100.C

Chi square = 616.18396 with 8 degrees of freedom; Significance = 0.0000
Lambda (asymmetric) = 0.00000 with TYPE dependent
Uncertainty coefficient (asymmetric) = 0.36190 with TYPE dependent

Pearson's R = 0.54634; Significance = 9,00000
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Building type (TYPE) key: 1 = Single-family residential
2 = Multi-family residential
3 = Industrial/commercial -
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Cross tabulation of building surface area by building material for

Table A4.
Revere.
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cement/concrete
metal
stone

4
5
7

18

brick
stucco

wood

Chi square = 169,.86224 with 20 degrees of freedom; Significance
1
2
3

Uncertainty coefficient (asymmetric) = $.17901 with MAT dependent

Lambda (asymmetric) = ¢.00000 with MAT dependent

Pearson's R = 0.24372; Significance = 00,0000

Building material (MAT) key:
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Cross tabulation of material by land use for Revere.

Table A6.
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Chi square = 33,10567 with 20 degrees of freedom; Significance = ¢.9329

(0.01388 with LU dependent

Lambda (asymmetric) = 0.00228 with LU dependent

Uncertainty coefficient (asymmetric) =
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Other urban or built-up land

Commercial and services
Streams and canals

Non-forested wetlands
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Cross tabulation of material by census tract for Revere.

Table A7.
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Chi square = 23,34875 with 10 degrees of freedom; Significance = 9,0095

Uncertainty coefficient (asymmetric) = 0.01985 with CENS dependent

Lambda (asymmetric) = 0.00008 with CENS dependent
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146.72485 with 12 degrees of freedom; Significance = 0.0000

&
23
[
Y
o
(]
3
]
e
@
(3]
)
£L
©
o
o]
«
@
o
©
i
L)
=)
o
o0
c
o
©
~t
E
Ut
(-]
=
]
-
&
«
F
o
Y]
o
o
5

Uncertainty coefficient (asymmetric) = @.26690 with CENS dependent

Lambda (asymmetric) = 0.32278 with CENS dependent

Pearson's R = -,59848; Significance = 0.0000

1330 < P < 170¢
1706 < P < 2400
2400 < P < 600v0
CENS = Census tract

Table AlOQ.
for Quincy.
Surface area
(sq ft)

P < 133¢

Chi square =




S ael,

L S - N gt oaun i

A L W T T L T T

.

DRAAANER L Al St et gmh pe b o

AR P T R N

(g

Sa TNy

Tultat

* .
w Ll L L L T e Y T T e o e e e e T T T TS S T T Y o
e o ‘ ‘ ' ' ' %
- (Y] ' ' ' ' ¢ -~
-] * ) QOO0 I OO0t QOO I ~WOM | OO0 | M o
(o4 ~ e o 0} o e of Y o0 o ¢ o o ] S0
" 1 O0LI OVVUIT VVOI oVl VOLI O ot
o ] ] ] ] o i ] ~,
(™) [) ] ] [ - | [}
1 ] | ' ' ’
Y] B 5 o 5 el b et g Bl Bt B Dl o B e B8 Dl D Dl P B P g 8 g =l
e 2y ' ' ' ' '
> o ' ' ' ' ' S
s ) OOOO ) OO OC. OO0 I NINONM | OOO0Q | NN )
4 0 LI Y] [] LI BN N ] ¢ e o) o e ) . [
« 1 OOUVY Lo C . QOO MOV COLY © R
- ' ’ ' o ! = 0
® ' ' ' ' - ' ¢ L]
" [+ —
& L] ] [} [} [] ] -
m FE G0t G Gk 08 B € Bt et 5t Bl Dl et b Dt Dl o Dt 5 0=t e 0l 5t e bl = P ‘m © m..m
o ] t ] ] [] m & -~
o =1 ' ' ' ' ' & m. m ..m b
B 2 1 OOOO I QOO 1| = OOIM § =V | IO § 2 o
(V2N | e e o} s v ol o s o e« o o) o ® o [ e} .® Hu N
o I OO0 OO0 N0l N0 MOOIL et
o ' ] ' ~ ~og wo et [ O~
- ' ' ' ' ' 1 o <
L ' ' ' ' ' ' ReA
(] [l el o L L T T e ] e T e e e e T T T T S TN TS TS W] [7)) w
u (o] ] (] ] [ ] ] o
O ’ ’ ' ’ [] o o
w 21NN LI O 1 S 00N MO | NM©N. | 0 m ] 3 ﬂ
=] ~5 [} [N ] c [ R ] e o0 o v o) o [ N K A ] ) < hv}
@ ’ 10. o 1 Ol oY O O .m < 3] 9
. ' - 1 - I e ~ ¢ .m _.M W [~
' ' ' ’ '
e ' “ ' ' ’ ' bl m.. - 9 m
e B0 0B 0t 5 0t b Dred It et 5t et gt 8 04 4 0 B et i 0t - .@ s = V
i [ o4 [} [} ! L] [} Pe] [~ o m [=4
i o1 [ (] [] [} ] [ ] (3] x
.w el MOMOO I AIVMAR | MIBKO | 2N | NOMOD | ~$00 (/] m L] cd
o~ Y e 0o o) s o oelfN o ool o 03 o % le m “
- I SO MIPIOT IVl NNFO) O -2 o et
o) ] [} ) \ R AT T V1o~ B | [ od m ~ [ I}
(] ' ' ' (] ] .@, ot + ﬁ
e ' ' ] ' ] ] 3 ~aNm <
lw Ot P 5 G 1 0 3t 0 0ol € 5t 1 b ol 5 6 f ol S Ot B Pt B et B=f ol o o ﬁ
ey (o]} ’ [} ' ] ] N o e .
o o1 ' ' ' ' ' ®© e 5
- * | VWO | FINIOWN | OON | (OO | =IO | 0000 K] N o .m
.w —itN s s el s s sl N o e oo o) T ool s & -] e
o | ETWE Nl U0 GOUN- | WM | (NW m ﬂ. " w —-
o - I ONeEl Nl Nl ™M it Orwt N~ o~ &
<< ] [] (] ] [] [] o~ " m ~ m
(] x ] [] ' ] [] ] ~ et r~
® o 08 08 0 0 0 0 Dt 5t D et 0t et 5t 1t Dl 0t et (e it 5 B Bt et Dt 5t e 0t 0t N o~ Q o~ ~
o - ' ’ [ ' ' a L o 9 4
8 NEYSIEY . L oI o+ s
£0.0.0 ) = [ Y P | o~ o w [ ord
poe ] ] ) S = aa - <] M
o ox a1 ~ < o O 3] L) Q
= % LVOVO ~ ~N O 20 " o ¥y
< bt X v v v (&7 g @ o m
[\ ] Q. L ¥ L [=] (/]
/] [o=] [« 7] [«7) Q4 ] S~ -t - m,
- O~ ) vl 3 ] =3
L (VY] ™ vi v vi w, ry) 0O =
o o W -4 [ 1) (7] Lo}
[ 2] W4 [ =] [ =) @ Moo
=R v it = S S e g2 9 73
17 B O -t - (] Y] @ =} Qe W




s n s . BB o8 B < SR N P P telolaless s A RO RIS As | S A NN

]
. S
b s
M .
3 " "
& (] .m
5 -4 wx o 0~ M . —m ~0 m
w“ = X~ ¢ N e ~ [ ] 3 . L] [» I} <
O O X O - o o ~NO 0
[ xO ~ - o o
< - - Yt
W - 3] —
St it A D e Pt = PO D et bt o Dt -4 - B 0l D Bt Dt Dl el S B - c Q. Qg ~
o -t g
80 ol ' ) ' ' ' ' 3 & yrii]
=] (SN ' ] 1 ' ' ] v [t
M o) UV 1 IR | NI ) MONO | QOO —OVM | A0 £ .& ca
= My e s el M s o el o0 o} Y] » 0 of s 0 el O o 4 “.l
- I Menl ORI NN INge | 0001 OrOf ™~ E € 3 w5y
=] ]  § OOwne| OMN 1~ ] ! O 1 o~ o
o ' [ ' ' ’ LI ] .m .m N ™ %
[} ’ 1 (] ] 1 ' 1] N
._W.. el e L L L L T T T e T T O e S Ty e T ey ey Yoy o L L T T T T M m. (3] [~ )
w ' ' ' ' ' ' b Q3 A
T Q L S - N
— (&) ] ] ' ' [ ' ' w“ o . B )
L} sl M ) VOO | = OITM | —~OIM | OO0V I DOOO I «~© o] S . m m ]
ﬂ NIV e e 0} o0 oy oo o) Y] e o ol (IR IRY 2 al = Y] -
) I O™ MIN WO IO OO0 OO0 ™ 0 [ n & ey ©
o I el - ) "~ ' ' t - % > 0 | &
! 1 ' [ ] ~ — et O} o~
' ' ' Y] ) |
m ’ 1 ' (] ] ' L m. £ - W m.l .m
e 1 Bl Bt 08 D 5t 0t Bt ol =t (el B 5t Bl et ) =t e nd D et = D = D = - P -4 4 1 o] cod m
b ol ' ' ' ' ) ' T o P 8 nEA
o) ' ' ' ' ' ' s = O www
(-] I NOCO I OO0 I OOCO I OO0 | NO—N | OOOO0O (I 00 — = W
[} 10 ¢ s o) ¢ o o} e e s) o 8 o e o o} o0 0 0O o ™ ord - N M
.n w UMl OV QUOIT VOO WLl VOV =M Kol O m.
- a i ool ' ' 1 O ' t © 3 8
-t > ' ' ' ' 1 - ' ] m n m e
F - ' ' ' ' ' ' ' s N
3=l 0 0 5= P 0= = D 0= 0 B 0 S 0l -t 0 0t 0l D 0= 5 0 0 =l = D Dt 0 0 et Dl B —4 =4 *n oL
o - ' ' ' ] ' ' @ 0 ¢ o
- OO0 O - D o~
cuan a Za A ~ LU W m
] ] — ] Ko 5] Qs
0 2 [} xa . et
7} W O
<) (o ST ~ - ~N M *
] [(S131414 71 Q e N 4 % = ~
© aOr) e or o~
9 [$] 4] []
$ ; ¢ B o a
.
o~ ) — Q &
— K4 [= —t o | v (4] [ =] 0
< - 1m [3) © c o ~ ot - m.
© ot 39 ] 3 (] [~
o ot (o} o) m L & m.. +~ “ -4
~ ] = 24} n 5] [ Lo}
L [} & el —
h & ] n n n " " .m. Q M -~
m — ~ «r wn Ve r~ (&) D % m

-----




.444‘1&..}«11 < .
Wnb- -I b} Mr 5 u-.m”.ﬂnlﬂh.u.-u-q % -ﬁh. " --.n ~.- .M "] a
W. .-\In
& s
A
.1 &
: o
2
L i;
3 )
4 L
p S :
. [«*] [N
{ S .
4 . * 'y
b > S Jo
b 9 " .
N .m Fe) s
. u n al
P o - oMY o ~® [ 2X 4 (oY LT 4 nO [
" b 2 LY < 0 - e . . . o ] r
N W o+ N < " - o o ~NO O "
S o oo ~ - o -
W. - L aad ﬁ .-.'
- 4] 4
] 7] 0 0t o 0 0 0 0t et e et Bt Bt et B Bl Bt B it Dl et 0t 0t Dt Pl 0t mJ K
! 3 o1 ' ' ' ! ' ' et 3 ‘’
Fe o O ' ' ' ' ' ' 0 o
3 ] o |l e TOM | ~MOM ) —~O0OM I ODOLOO I —OOM I OO0V § I on m .\
N ] LA X ] LEE BN | oo ) e o ot o9 of s e 0 o e oy . - R
v.. — L ol | Ono | NNO nmino it 0001l Ownwod OO0 « m 3 [T oo
" [ ] o~ ] N o~ f ] ["alaV] [} ] + “ <’
4 B ' ' ' ' ' ' ' S 2 ~ K/
' 1 ] (] [} [} ) [} b
_\. -t Bl e 50 2= 0= 0l 8 =t 0ol 5l e f D D D g Bl 5t D D D 0 D 0 e O D g 4 B ﬁ am % W w ”-.-
B o ot ’ ] [} ] ’ [} m. ~ () & "
. o ol ' ' ’ ] 1 ' U] « o "
b’ @ o) OMNIONI | V=WVIN | OO | OO0 I OO0 I OOOO I NN (o] 1] [~} ° Ny
L/ It NIM s oo o ¢ o0l v 0l o e ol IR ” © " o .m .
' m i MO Ve MMl 0001 QOO VOO N " ]
’ 1 w3l O3F | W"Ne | ' ] "~ % w — — n i,
N - [ ' ] ' ' ' ' Y] U O et b
. ° ' 1 ' ' ' ' ' £ = U o A
y Ly T T T T T By T e e T o T T e T T w.. sru. m m .n... o e
! I~ ol t ' ' ' ' t 2 O @ M X
! o ol 1 ! ' ] ¢ 1 [ ] Lo} 7} 5
.-. wlL oI N FOOWE FTOMN | A2 | FOOS ) ~OIM I =O M IO~ — wn Y4 ot o 't
. o — B0 o0 0= 50 9} o e of o0 o} e e o s ool @ ™ ] 0 ..m 4
{ - EIEWR O INOT I e Y Oee . OO0 OUO S AN £ 9 8 & &858 2L
" Fi ¢ wmwol ™ ' s Vo 1 n ' O '~ - N O~ 3 .
r. - [} [} ] ' - [} ' - ] 3 i [7] Huan
o -~ ' ! ' ! ' U 1 = o o
- et 0t B Bt e 54 B et et Dt il Bt Bl 0t et e 5 0t Bt 0 0 8 0 Dl Dt O Bt Bt =8 D It 08 g [2A] c *n - N™m
: ® -1 1 ' ' ] ' t O N U O e~
] r~ -4 ~
. » —O0VO @ N — I3 Y
o =] Luaal 3 3 | 1] Q -t N e
; ] D ’ ] 2a (R~ T Y W,
d © oz ] S+ 0 M W .
e VOVO! m 10 m & m ) K-
, . xXOr—- o [& 1 0 ] -
@ 3] 0 (8] n w
- N [ >
3 o g B ~ o O 8 B o
[ }] — ‘w [3) o m.. m © ~ oot - “
~t © - & -t =) S =4
e
] & 1] n n n [} n .m m % ..m
.
,v mm ~ ~N L [T} (Yol ~ O o Q .m



oo
B )

s

..AA»D'
.

.....

3. L& blbvu\». -‘t-t .

Cross tabulation of material by census tract for Quincy.
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Chi square = 116.60788 with 15 degrees of freedom; Significance = ¢.0000

Lambda (asymmetric) = 0,27215 with CENS dependent

L DDOO0G

s 88 A B

Uncertainty coefficient (asymmetric) = @.18350 with CENS dependent

Pearson's R = -0,.46424; Significance = @,0000

CENS = Census tract
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Table Al6. Cross tabulation of building surface area by land use for
Stamford.

PR PR

Surface area

&

Py e A NS

png]

Ly
(sq ££)  count I
RCW ECTI RCw
cCL FCTI TCTAL
16T _PCTI 11.001 12,001
I 66 1 1 1 67
P < 1600 T 98,5 I 1.5 I 19.1
I 21.2 1 2.6 1
T 18.9 1 C.3 1
-I ..... -o-I----‘---I
< I 238 1 .3 i 135
o e . P
N 1606 < P <1900 § {9:5 1 7.7 I
: 1 1€33 1 G.9 1
-I--------I--------I
AT Iy
1900 < P < 2200 | 35:8 1 26.8 I )
I 28.3 I 2.3 1
-I--------I—-------I
1 66 1 10 1 74
I 26.5 I 13.5 1 21.1
2200 <P <4575 1 2oC.6 I 25.8 1
- I 1%8.3 1 2.9 1
-I ....... -I--------I
1 46 1 17 1 63
b gl o
4575 <P 1131 149 1
CCLUMN 211 39 5C
TOTAL 88.9 11.1 108.0

MY PR

Chi square = 24.61073 with 4 degrees of freedom; Significance = 0.0001
Lambda (asymmetric) = #.00000 with LU dependent

Uncertainty coefficient (asymmetric) = 0.09865 with LU dependent
Pearson's R = @,24341; Significance = ¢.0000

Land use (LU) key: 11 = Residential
12 = Commercial and services
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Table A20. Cross tabulation of material by land use for Stamford.

Material

-
<

UNT I
I
1 11.oc§ 12.0c§
------- I-------- PP X
1 = wWood 1 260 1 15 I 275
I 94.8 I 5.5 1 78.8
I 83.6 I 9.5 1
1 74.5 % i.3 %
2 = Brick 1 28 1 5 1 33
rie I 8458 T 15.2 T 6.%
I 5.0 1 1%.2 1
I €.0 I 1.6 1
el
3 = Stucco I 16.7 T €3.3 T 1.7
I C.3 I 13.2 1
I C.3 I 1.6 1
B ST ST S
4 = Cement/concrete I §5.5 I 34.5 I 8.2
I €.1 I 26.3 1
I S.4 1 2.5 1
-]m-eciea- Jememmen- 1
1 1 1 1 1 2
5 = Metal I 5C.0 I 5C.0 I C.é€
I “C€.3 1 .6 1
I €.3 I 0.3 1
'S CROPITOrS E T I
I 2 1 2 1
7 = stone PoSER P oces 1
I C.6 I 0.6 1
'S CE T [-==c==m= 1

Chi square = 67.53949 with 5 degrees of freedom; Significance = ¢.0000
Lambda (asymmetric) = 0.10526 with LU dependent

Uncertainty coefficient (asymmetric) = 0.18584 with LU dependent
Pearson's R = 0.36309; Significance = 0.0000

Land use (LU) key: 11 = Residential
12 = Camercial and services
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